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SUMMARY 

Preliminary investigations indicate that solutions may exist for 
the major problems associated with the recovery of portions of a recon- 
naissance satellite. A method is described for recovering heat-sensitive 
items, such as photographic film, and the weight penalties involved are 
estimated. A payload of 50 lb of film, for example, could be recovered 
at a total expense in weight of about 225 lb. 
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SlQffiOLS 


A area projected in the drag direction 
coefficient of drag 
c specific heat 

e eccentricity of the ellipse describing the motion of 
a body about the earth 

g acceleration of gravity at sea level 

h altitude 

h conductivity 

c 

R radius (mean) of the earth 

r radius from the earth* s center to the vehicle and/ or 

recovery package 

T temperature 

t time 

V velocity 

AV incremental velocity added to the recovery package 
W weight 

X range measured on the earth' s surface from addition 
of AV to impact 

-oh \ 

a exponent of the density approximation (o = e ) 

y angle between the velocity of a body and the horizontal 

9 the angle of the incremental velocity with respect to 
the orbital velocity 

the gravitational constant 

V ratio of propellant weight to gross weight for a 

rocket motor 

p sea level air density 
00 


Approved For Release 2009/06/17 : CIA-RDP89B00708R000500120001-1 



Approved For Release 2009/06/17 : CIA-RDP89B00708R000500120001-1 

6-26-56 

V 


o ratio of air density at altitude to that at sea level 

0 angle between the radius vector from the earth's center 

to a body moving about the earth, measured from the 
radius vector 'to the apogee of the ellipse which de- 
scribes the body' s motion* 
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I. IHTRODUCTIOH 

Development of a method for recovering certain items intact from a 
reconnaissance satellite is desirable for a number of reasons. The amount 
of information a satellite could gather would be substantially increased. 
Materials (film, living tissue, etc.) covild be examined in detail to 
learn environmental effects. Also, photographic coverage of the earth's 
surface could be realized prior to the development of a dependable TV 
linkage for satellite use. A less direct benefit wotild be knowledge 
derived from working out successful recovery techniques: refinement of 
such techniques may be a necesseury prelude to serious consideration of 
manned space flight. 

Successful recovery, on command, of a satellite payload is contingent 
upon three conditions: 

1 . The trajectory of the orbiting payload must be modified so that 
it will intersect the earth's surface at a specified time and location. 

2 . Payloed. items must be protected from aerodynamic heating during 
re-entry into the earth's atmosphere. 

3. The payload must be located and retrieved promptly after it 
impacts . 

This memorandim investigates these three conditions and suggests a method 
for recovering useful material from an orbiting vehicle. 
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II, FLIGHT MECHAHICS 

The natiiral decay of a satellite orbit due to atmospheric drag will 
cause the body to return to the eazth. The laqpact point could be pre- 
dicted by observing the body during Its re-entry Into the atmosj^re, but 
there would be no control over the location of the Isqpact point. However, 
the position of the lBq;>aet point can be selected— to soms degree of 
accuracy— by changing the velocity vector of the package to be recovered, 
nils could be done by using a rocket to apply thrust to the package after 
It separates tram, the orbiting body either to change the magnitude, or the 
direction and magnitude, of the velocity of the package relative to the 
circular orbital velocity vector. Ihe descent range and the re-entry con- 
ditions of the package are a function of the Ihltlal orbital altitude and of 
the direction and magnitude of the velocity Increment. 

Ihe velocity for a circular orbit at any radleUL distance can be 
expressed as 



where 4 Is the gravitational constant and Is taken to be 1.41008 x 10^^ 
ft^/sec^. 

In general, the magnitude of the resultant velocity of the package Is 

V. / ( + (AV)® . AV CO. 9 

where 0 Is the angle of the velocity Increment dV measured clockwise from 
the orbital velocity vector as shown In the following sketch. 
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The angle between thle reetiltant velocity vector and the inetan- 
taneoua horlcontal le given by 


tan 7 ■ • 


'ort> 


A V eln 0 

cos 6 


Tbe eccentricity of the ellipse can be written as 



. where V is the resultant velocity and r is the orbital radius. 

I Bie range angle, seasured at the center of the earth, from this point 

I 

I to the apogee of the ellipse Is given by 


cos 


1 - 2^ eo.* r 

la ' 


and the range angle fro« the apogee to the surface of the earth (r • R) Is 
given by 


cos ^2 • 


ai • 


r 

1 ? 
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Therefore, the total descent range froa the point idiere the velocity 
. Increaent Is added to the surface of the earth Is given by 


X - R + ^2) 


; for a vaeuua re-entiy trajectory. 

! 

For the ease of a velocity increaent directed rearward (0 ■ l8o°), 

i 

these equations SiapUfy to 


^ A - 


7-0 


• B 1 • 




and 


I 


■ 0 

i-ifi ' 

cos ^2 tt — I 


X - R #2 


The variation of vaeuua mage to lapaet as a function of velocity 
laereaent Is given in Fig. 1 for initial oAltal altitudes of I50, 300, 

I and 500 statute miss for the ease of a rearward Increment (O ■ I80®) . 

I 

: It ean be seen that a veloelty iBereaent of at least 2000 ft/see is 

i 

reared if the descent range Is to be less than 9000 n ai for aa initial 
I o Altai altitude of 900 ai. The re-entry tmjectory of a typical body 
vlU Intersect the earth at a point roughly 200 al shoA of the vaeuua 
dlstaaee due to the influenee of the atmospheric drag. 


\ 
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Ibe effect of varying the angle of the velocity Increaent 0 Is shovn 
In Fig. 2 for an Initial orbital altitude of 300 ml and a velocity 
Increment of 3000 ft/sec. values of 0 of 90 deg and 180 deg give 
approximately equal vacuum descent ranges, but the re-entry trajectories 
are someidiat different. 

An estimate of the sensitivity of descent range to errors In the 
msignltude and direction of the velocity Increment can be obtained from 
these graphs. For a 300 ml orbit and AV • 3OOO ft/sec with 0 » l8o°, 
the slopes are Jx/Mv ■ - 0.27 a ml/ft/sec and 9x/90 « - 27. 1 n 
ml/deg. If the velocity Increment Is added at an angle of about I30 deg 
from the direction of motion, the slope x/ 2 0 Is seen to be near zero, 
and only a velocity error would contribute to the Impact point uncertainty. 

Ihe velocity and path angle of the ellipse at a given altitude above 
the earth can be foxmd from the following equations. The velocity, at an 
altitude h. Is 



and the path angle Is given by 

(V r cos 7) 

^ —TTr— 

a a 

where rj^ ■ R + h and the term (v r cos 7) Is evaluated at orbital altlttide 
after the velocity Increment has been added. 

Ihe Initial conditions for re-entry Into the atmosphere at a T^r■nl^n^^ 
altitude of 250,000 ft are presented In Fig. 3a, b. Figure 3a shows the 
variation of re-entry velocity and path angle for three Initial orbital 
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altitudes and several velocity increments for the case of 0 ■ I80®, For 
eoinparlson^ the re-entry conditions for a 5500 n mi ICBM fired at various 
ranges using its full velocity potential are indicated by the nearly 
horizontal dashed line. The points on this curve cover the re-entry 
conditions for the missile fired on trajectories vhlch vary frcan the 
3000 Bil low case throuf^ maximum range to the 50OO mi hl^ trajectory. 
Thus, we see that the terminal portions of the trajectories for the 
recovery of a package from a satellite In a circular orbit around the 
earth are similar to the re-entry trajectories of a 5500 n ml ICBM when 
fired at shorter ranges on low non-optimum trajectories. 

Figure 3b Is Included to show the effect of varying the angle of 
the velocity increment for the case of a 300 ml orbitail altitude and a 
velocity Increment of 3000 ft /sec. The dashed curve, representing an 
orbital altitude of 300 mi with varying velocity Increments added at 
0 « 180°, Is repeated from Fig. 3^* lb seen that the re-entry 
conditions vary synmietrlcally around 0 ■ iflO** while the total vacuum 
descent range as shown in Fig. 2 does not. It Is Interesting to note 
that the re-entry velocity res\iltlng from a 3000 ft/sec Increment added 
at angles of less than about 110 deg or more than about 250 deg Is 
greater than the local circular orbited velocity. 

No re-entry trajectories have been calculated for the Initial 
conditions corresponding to this package recovery study, but a case 
corresi>onding to the maximum range ICBM point has been used to congmte 
the tengwrature history shown In Fig. 4. 

Reference 1 presents an approximate analytical solution of the 
equations of motion during the re-entry. These equations give reasonable 
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values for the various trajectory variables until the curvature of the 
path becomes large. 

The maximum deceleration e:q)erleneed by the body Is given by 



and the velocity at idilch It occurs Is approximately 

V - 0.607 V 

o 


'^ere and the velocity and path angle respectively^ at the 

nominal re-entry altitude. 

The altitude for maxiimm deceleration can be found from the equation 
for the density ratio idilch Is 


a 1 


where Of Is the constant In the exponent In the Isothemal atiaosphere 
approximation a - e* . The value of a Is about U x 10 "' per foot. 
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m. PROTEiCnON DURIHG RE^EHTRY 

Tvo steps csa be taken to protect the payload from excessive 
tes^erature rises. The aerodynamic heating of the outer shell can be 
reduced through control of the re-entry fll^t path, and the payload can 
be Insulated from the outer easing. First, let xu consider the problem 
of eontx^lllng the re-entry fU^t path. 

For "dun^ ranges" (ranges on the surface of the earth from point of 
Isg^ulse to intact) of a fev thousand miles 'ttie descending trajectory 
resembles that of an ICBM. The re-entry heating problems of IC^ var- 
heads have been examined in detail by Ceurl Gazley, Jr. (Ref. 1). Els 

V 

vo]± demonstrates that as the ratio y is increased, 

deceleration occurs at successively hlc^r altitudes and the total heating 
per unit area decreases. The possibility suggests Itself that a large 
enough pauraehute voxild limit the total heating to such an extent that 
conventional pacachute fabrics would retain their strength. 

nils has been investigated by Gazley, in an unpublished work, for 
the example of a re-entering waihead attached to a parachute 100 ft in 
dlamster with a total wslf^t of 3^00 Ib. Figure k shows the heating 
ci^rleneed by such a device. The ease was asstused to be an Insulated 
skin of 0.05 in. stainless steel. The parachute was constructed of 
fiberglas cord and cloth (designed with a factor of safety equal to 2) 
and covered with an additional layer of cloth as a shield against the 
high transient heating load. 

ahls method of siqiplylng a large drag area is a somexdiat arbitrary 
choice. To be suitable the device used should be able to expand its linear 
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dimensions by one or tvo orders of magnitude and yet vel^ only a 
fraction of the total package velc^t. One nlc^t consider such devices as 
balloons (the x>araehutes ml^^t use balloons to ensure proper opening) or 
structures idilch telescope or fan out. However, as the design for any 
such structures approaches mlnlmnn welj^t It begins to re8efla>le the 
design of a foil parachute. The Inherent advantages of fabric (i.e., 
efficient packaging, non- continuous fraetiure and heat paths, etc.) suggest 
a parachute 6^ conventional construction. 

Ihe behavior of parachutes Is known for reasonably dense gases 
for speeds up to low supersonic Mach numbers (Ref. 2). For estimating 
performance In rarlfled gases at hypersonic Mach numbers a "reuonable 
extrapolation” was made. Obviously, e^rlmental Investigation will be 
necessary before performance can be predicted with confidence. 

I 

Peak aerodyiuuBlc heating occurs la a region of the atmosphere In 
fAieh little knowledge has been accumulated but idiere considerable Interest 
Is now being directed. By conventlonail criterion the flow over the 
will be well within the all- laminar regime (ignorance concerning transition 
will not be critical). l!he meehaalsm of heat transfer to the parachute 
cannot be well defined until the flow is better undei^tood. The flow 
and heat transfer have been assumed similar to those for a blunt body for 
the tesqperature studies In this memorandum. 

The shroud lines were treated as Infinite, Inclined cylinders for 
the determination of heating. The covering fabric on the lines would 
probably lose most of Its strength at maximum tea^perature, but all that 
Is required Is that It hold together for about one ailnute. 
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Figure indicates directly how the teBg>erature of a recdfrery 
package might he controlled. Olhe time-temperature curres could be li^ 


terpreted as applying to such a package if the parameter vere 

w 

equal for the two eases (frcn Fig* 5 the angle 7 is seen to be similar 
to that for an ICBM) . 

In the case of the re-entering warhead the parachute would be de- 
tached about 50 see after re-entry to lessen warhead vulnerability to 
Interception. (She effect on the warhead skin tesqperature of retednlng 
the parachute is Indicated on Fig. 4 by a dashed line.) recovery 

package would retain its parachute until touchdown^ not prlmaxlly becaxise 

of temperature eonslderatl<^ but because a longer descent time 

\ 

lower laqpaet velocity (about 17 ft/see) would aid in the successful 
recovery of the package. 

The skin temperature is a function not ot^ of the flight path 


f V \ 

\ g sln 7 1^ ^ properties, but also of the absolute size of the 

package (due to the dependence of the heat-transfer coefficient upon the 
Reynold's number). This is, of course. Included in the calctilatlons 
appended to this memo but it is actually a second-order effect for 
these qualitative considerations. 


The payload can be insulated from the heated surface with conventloih- 
al materials and techniques. Due to the transient nature of the heating 
the in sul atin g material and the outer easing are more efficient if used in 
a number of layers rather than a single layer. (This is in agreemint with 
the results shown in Ref. 3«) 

Figure 5 illustrates the beating of an inner case as a function of 
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tlBB for «n outer ekln raised to a constant elevated tenperature. The 
distribution of aetal betveen the outer ease successive layers 
within the flherglas Insulation Is varied as follows: (a) outer and 
Inner eases only; (b) one Intenedlate layer; and (e) two Intemedlate 
layers. This figure deaonstrates the ability to Increase the Insulating 
effectiveness to allow for Increased outer^ease tea^eratiires without the 
addition of appreciable wel^t. In essence the heat capacity of the 
Insulation Is Increased with no cooBensurate Increase In conductivity. 

In reality the temperatures of the outer ease will begin to decrease 
after the first half alnute (l.e., dashed line la Fig. 4). The tes^era- 
tures of the outer case. Interlayers, and Inner case are plotted as 
functions of time la Fig. 6. 

It Is worth noting that nost of the heat liqiut to the Intemedlate 
layers and the Inner ease occurs after the outer case has started to cool. 
Figure 7 shows the outer-case teqperatiire for the transient condition and 
the corresponding eq;ulllbrlua taqperature (deteralned for the altitude 
and velocity as functions of tlae during descent). It appears that a 
possible aid to the protection of the package al^^t consist of the 
ejection of the front outer layer after the Initial heating has concluded. 
The next layer exposed would renaln close to the equlUbrlua temperature 
for the reoalnder of the fUc^t path and the heating problea would be 
correspondingly reduced. This technique Is conceptually very sl]iq>le; 
■echanlcally. It lapUes that the of the ejected layer Is less than 

that of the reaalnlng package plus parachute (to ellalnate Interference 
with the parachute). 


1 

Approved For Release 2009/06/17 : CIA-RDP89B00708R000500120001-1 



Approved For Release 2009/06/17 : CIA-RDP89B00708R000500120001-1 


RM-1811 

6-26-56 

12 


IV« PACKAGE LOCATION AFTER IMPACT 

Although it appears quite possible to bring the package through the 
atmosphere in an undamaged condition there remains the problem of location 
and recovery after impact. This problan is lessened considerably if the 
parachute is retained till touchdown. A total descent time from dump 
signal to in^jact of froml 40 to 60 minutes allows an^le time for the 
package to be tracked, its final poeltlon predicted, and recovery 
proceedings Initiated* (A saall radio beacon could be Included for 
cost In vel£^t and It would facilitate tracking.) 

The ease with which a package could be recovered Is a direct function 
of the predlctablH^ of Its Impact point. Figure 2 Indicates the 
sensitivity of range to the elevation angle of the Increaental thrust. 

As shown, the effects of errors In this angle are olnlnlzed If the an gle 
Is chosen for alnloun range. Angular errors of as nueh as •*■20 deg 
could easily be tolerated If distance errors of as nuch as 100 n ni were 
acceptable. 

Errors In azimuth of the Incremental thrust will result In 
proportional errors on the grotand (e.g., for h > I 50 ml and 
2000 ft/sec an angular error In azimuth of -t-lO deg resaalts in a ground 
error of +35 a ml). 

In the unlikely event of a hlg^ wind idilch is Invariant with altitude 
these deviations could be approximately doubled. (This effect can be 
estimated ahead of time.) 
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V, SYSTB4 WEIGHTS 

An estlmte has been asda of the welj^t penalties involved If the 
equlpnsnt necessary for sneeessful recovery vere Included in a satellite 
stafge. The coaqponents of such a recovery systea are Illustrated In Fig. 

8 . 

The prim Itea for vhich all this effort is being aade Is assumd 
to be e:QK>8ed photographic film. Total velg^ts derived for this 
asauiqptlon will be conservative for payload Items of greater density and 
decreased teoperature sensitivity. (The film Is assumed to be damaged 
If Ita temperature exceeds 1CX>^.) 

The coaiponent wel^ts for a film vel^t of lb are tabulated In 
Table 1 for an orbital altitude of 150 st ml and a dusq> range of 2500 n ml. 
The asstmqptlons and procedures for determining these veldts are Included 
In Appendix as Id the datexvlnatlon of total package vel^t as a function 
of film vei^X, altitude, and dxsqp range. This variation Is shown in 
Fig. 9. 

Table I 


na!M WEKfflT (lb) 

Film 50 

Reel 5 

Beacon (plus power, switching, 

etc.) 10 

Case * Insulation h5.8 

Parachute (plus positive 

opening davlce) 25.8 

Solid Rocket 91 


TOTAL 227.6 
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VI. DISCUSSION OF RESULTS 

The problem of modifying the trajectory of an orbiting body so that 
it will intersect the earth’s surface at a specified time and location 
appears to yield to siii5>le, strai^tforward techniques. The method 
investigated here, that of using a rocket to change the velocity vector 
of the package to be recovered, is particularly suitable ^en the 

* 

atmosphere and/or the orbital properties are not known accurately. 

Use of a rocket assumes at least a gross control of the body’s attitude — 
it would be sufficient to be able to point approximately downward. 

The problem of protecting payload items from aerodynamic heating 
during re-entry into the earth’s atmosphere calls for two approaches, 
both of which appear to be feasible. The payload can be insulated from 
the heated stirface with conventional materials and techniques; and the 
aerodynamic heating of the outer shell can be reduced through control of 
the re-entry flight i>ath by means of a double- layered fiberglas parachute. 
Fibers with better hi^-tenperatvire characteristics than glass, such as 
quartz, should be investigated. More knowledge is also needed about the 
behavior of li^t, hi^-drag devices in a hypersonic, rarified ges 
stream and about the reaction of parachute elements (double- layered or 
otherwise) to highly transient heating loads. 

■ ' 

When sufficient knowledge and control are available, one might con- 
sider flying an orbiting body at a critically low altitude and commemding 
significemt increases in drag to effect a return. 
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!Ihe final problem, that of locating the payload after liqpaet, 
does not appear to be of unusual difficulty. A small radio beacon and, 
possibly, flotation gear contained in the recovery package appear to 
offer a reasonable solution. The long descent times mlj^t penslt air- 
borne units to be in the ismedlate vicinity \disn the package reaches the 
surface. 

In conclusion it may be said that the successful recovery of use- 
ful material from orbiting vehicles appears to be an attractive possi- 
bility. Because of the preliminary nature of this study no conclusive 
Judgment can be made of the method outlined here for returning payloads, 
but the inherent slispUcity of this method suggests that it be given 
further attention. 
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Appendix A 

DETERMimTIOH OF PROTECTIVE CASE TEMPERATDRES 

The tfffleaey of an Inaulatlng layer idien protecting against hl^Iy 
transient heating loads Is a function of two of Its properties, the 
conductivity and the heat capacity. Low conductivity and hl^^ heat 
capacity are desirable, but are generally Incospatlble In a hcHnogeneous 
naterlal. 

The heat capacity of an Insulating layer can be Increased by the 
Insertion of discrete layers of a naterlal of hlc^ conductivity and 
large heat capacity. If these layers are oriented perpendicular to the 
direction of heat flow, and If the structure of the Insulating naterlal 
Is fine coopared to the Interval between layers the conductivity of the 
Insulating layer will not be Increased. 

This effect can be denonstrated as follows««a step function Is 
assuned for the tnqperature of an outside wall, (l.e., for t < 0, 

■ 80®P and for t 0, ■ 700°F) . The effectlvraess of an Insidatlon, 

coaposed of a total of 2 In. of flberglas and 0.10 In. of steel. Is 
investigated for the following conditions: (a) a conventional arrangement 
of a 2 In. slab of flberglas backed by a 0.10 In. skin of steel; (b) 2 
slabs of flberglas, each 1 In. thick, separated by a 0.0? In. sheet of 
steel, a 0.0? in. Inner ease; and (c) 3 slabs of flberglas, each 
0.667 In. thick, sep8u:ated 1^ 0.033 In. steel sheets, and an Inner case 
of 0.033 in. steel. 

For each of these three conditions the tenperature of the Inner 
ease was determined as a function of time using the following physical 
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properties— 

eoBduetlvlty of flberglas, • 0.02U 

specific heat of fiherglas, c ■ 0 (assuaed) 
coadaetlvlty of steel, h « « (assvBed) 
specific heat of steel, c ■ 0.12 


Ihe results of this calculation are plotted la Pig. 5, Ihe definite but 
transient advantage of multiple layers Is demonstrated. 

The insulating effectiveness of category (c) has been Investigated 
for an outer vail exhibiting the temperature history of an instilated «vin 
• (of equal thickness, l.e., 0.05 In.) re-entering the ataosjdiere the 

I trajectory plotted In Fig. 10. This trajectory vas determined for a re- 
i entering vaxhead but, as can be seen In Pig. 3, it falls veU vlthin the 
range of trajectories ejqtected from re-entering orbiting bodies. 

The foUovlng assumptions governed the detezmlnatloa of the outer 
wall ten^erature. It was conservatively assvmed that the s\irface areas 
effective in convection and radiation were equaLL. (The expression for the 
convective heat transfer coefficient is based on area projected in the 
velocity direction, while that for radiation is based on total area. ) 
Atmospheric properties were obtained from Ref. U. 

The temperatures of the outer case and of the inner layers are 
plotted as functions of time in Fig. 6. It appears possible to protect 
a re-entering payload using relatively sinqjle techniques. 
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Appendix B 

DETEEMIHATION OF SYSTEM WEIGHTS 


The techniques and mechanisms employed in recovering fiiin from a 
satellite can he examined in terms of the orbiting weights that eu*e ln^lied. 
Component weights have been estimated for an elementaiy system (see Fig. 8) 
using the following assim^tlons: 

The film and reel and the radio beacon, plus its power, switching, 
etc . , were eissumed to have over- all specific gravities of approximately 
0.5« With efficient packaging they might be enclosed within a sxxrface 
area equal to twice that for a sphere of equal volume. Of this area 
tharee-qimrters is covered by conqjlete ins\ilation (an outer case of 0.05 
in. steel followed by three equal layers of O.667 in. fiberglas and 0.033 
in. steel) and the remaining one-quarter is covered by the inner 0.033 in. 
steel only. The density of steel is taken as 1*85 Ib/ft^ and that of 
fiberglas as 7 Ib/ft^. 

Starting with an arbitrary film weight, increasing it by 10 per cent 

to allow for the reel, and adding 10 lb for the beacon, etc., the total 

weight of the Insulated package can be determined. The size eind weight 

of the required parachute can be determined directly knowing the package 

weight, the area-weight ratio of the parachute, and stipvilating that the 
C A 

ratio, , for the package-parachute c(mibinat£on should equal 4. 

(Cjj = 1.4, Ref. 3). 

Parachute weights were determined for double-layered elements through- 
out and a 100 per cent margin of safety on the inner, load-carrying members. 
A ratio of 0.06 Ib/ft^ was \ised. The parewihute weights determined in this 
fashion were increased by 10 per cent to allow for positive opening devices. 
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If the total veight of the package plus parachute is known, the size 
of rocket can be determined that is needed to accomplish the specified 
deceleration. The specific l]q>ul8e for a solid rocket was assumed to be 
200 sec and the ratio of propellant wei^t to total rocket weij^it '^v J 
to be 0.6.^ 

Ihe aforementioned methods were used to estimate total weights as 
functions of film weight, altitude and dump ran^. This relationship 
is plotted in Fig. 9. Table I itemizes the component weights for a 
system returning 50 lb from a I50 mi orbit with a dunp range of 2500 n mi. 

The weight estimates do not Include effects on the design of the 
orbiting stage. Ihe stnicture of the orbiting vehicle should acconmodate 
the recovery system so that its coo^onents would require a mlnimuffl of 
readjustment before firing. 

^These sissumptlons introduce a considerable degree of conservatism. 
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Fig. I — Ground range vs velocity increment for package drop from a satellite 
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Poth ongle, y , ( deg) 


Fig. 3a — Re-entry initial conditions 
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Fig. 3 b — Re-entry initial conditions 
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Time from initiation of heating (thousands of seconds) 


Fig. 6 — Temperature vs time for an insulated re-entering body 
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Fig. 9 — Ratio of total weight to film weight vs range 
for varying altitude and film weight 
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Fig. 10 — Re-entering trajectory 
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